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(54) Controllable hose-and-drogue In-flight refueling system 



(57) An in-flight hose-and-drogue refueling system 
has the capability of steering the drogue (10) by means 
of four thrusters (20) which are energized by pressu- 
rized air. The system measures the drogue's 3-dimen- 
sional position relative to either the refueling aircraft or 
the probe on the receiver aircraft. A control system uti- 
lizes the measurements of the drogue's 3-dimensional 



position to activate the thrusters so as to either minimize 
the excursions of the drogue due to turbulence, thus 
enabling easier hook-up, or alternatively, to track the 
receiver's probe and automatically guide and contact 
the drogue to the probe. 



FIG. 1 




80 70 



QL 
LU 



Primed by flank Xerox (UK) Business Servioes 
2.14.23/3.4 



1 



EP 0 807 577 A2 



2 



Description 

Field of the invention 

The present invention relates to automatic hook-up 
of a hose-and-drogue aerial refueling apparatus to a 
receiver aircraft probe and, more particularly, to appara- 
tus and methods for in-flight hose-and-drogue refueling 
using electrooptical technology. 

Background of the Invention 

The usefulness of air refueling became apparent to 
the military almost as soon as they started using air- 
craft. The main advantage of air refueling is obvious: it 
enables aircraft to stay airborne longer. Since most air- 
craft are incapable of taking off with maximum fuel and 
full payload. without in-flight refueling there is always a 
balance to be struck between range, payload, and fuel. 
Air refueling is more than just a range stretcher: it allows 
one to carry out missions with a smaller number of sor- 
ties, or alternatively, fewer aircraft. 

Currently, two major systems are used in mid-air 
refueling. One is the "flying boom" method in which the 
tanker has a tail boom equipped with aerodynamic con- 
trol surfaces, which are commanded by the boom oper- 
ator. The operator, who is located at the rear section of 
the tanker aircraft, utilizes a steering device to guide the 
boom into a hatch or receptacle in the receiving air- 
craft's upper structure. 

The second common method is the hose-and- 
drogue system, in which a drogue attached to the fuel 
hose is extended from the refueling aircraft's belly or 
wings. The receiver aircraft is equipped with a fixed or 
retractable probe. In the latter method the receiving air- 
craft's pilot flies the aircraft "into" the drogue. 

The advantages of the hose/drogue system are the 
following: (a) up to three receivers can take fuel simulta- 
neously; (b) if one hose/drogue unit (HDU) becomes 
unserviceable, the tanker still can offload its fuel; (c) the 
HDU is inherently safer than the heavy, rigid boom, 
which is restricted in its movements; (d) it is easier to 
install on non-purpose-built aircraft; and (e) it is compat- 
ible with most receivers, e.g., fixed wings, as well as 
rotorcraft. 

There are, however, two disadvantages to the hose 
and drogue system: it has lower fuel transfer rates than 
the boom system, and the drogue is uncontrollable and 
is susceptible to winds and gusts. In bad weather condi- 
tions and particularly in low level refueling situations the 
hookup process is very difficult and demands excessive 
receiving aircraft pilot maneuvers. Since the aircraft to 
be refueled is likely to be already low on fuel, excessive 
maneuvering may result in the necessity to abandon the 
aircraft. 

U.S. Pat. No. 4,763,861 to Newman, for "Microwave 
Rendezvous System for Aerial Refueling," relates to a 
microwave rendezvous system for use on a tanker air- 
craft for aerial refueling of a receiver aircraft. The sys- 



tem comprises a microwave transmitter signaling 
directional data towards the receiver aircraft, providing a 
larger rendezvous envelope in space between the 
tanker and receiver aircraft, and thereby requiring less 
5 tedious navigation and attention during a refueling oper- 
ation. 

U.S. Pat. No. 4.763,125 to Newman, for "Ught Array 
for Providing Passive Rendezvous Guidance between 
Closing Aircraft Spacecraft and the Like," relates to a 

10 light array disposed along the ventral centerline of a 
lead aircraft to provide passive rendezvous guidance to 
a closing aircraft. 

U.S. Pat. No. 4,633,376 to Newman, for "Advanced 
Fuel Receptacle Lighting System for Aerial Refueling," 

15 relates to a lighting system mounted on a tanker aircraft 
for enhancing a boom operator's visual view of a fuel 
receptacle area on the receiver aircraft during nighttime 
operations. 

U.S. Pats. No. 4,519.560 and 4,231,536 to Ishim- 
20 itsu et al. both relate to a ruddevator assembly compris- 
ing a pair of airfoil configurations mounted on a boom, 
whose movements are controlled by creating aerody- 
namic forces in the vertical and horizontal directions by 
deflecting the airfoils with respect to the flow. 
25 U.S. Pat. No. 4,288.845 to Fisness et al. for "Aerial 
Refueling Receptacle Floodlights-Spoiler and Fuse- 
lage, Nose Mounted," relates to a floodlight illuminating 
system for use at night in combination with an aircraft 
having receptacle surfaces mounted on its nose sec- 
30 tion. 

U.S. Pat. No. 4,158,885 to Neuberger, for "Guid- 
ance-Light Display Apparatus and Method for In-Flight 
Unk-up of Two Aircraft," relates to a light system for 
mounting on a lead aircraft so as to be visible to a pilot 

35 of a trailing aircraft for guiding such pilot in flying the 
trailing aircraft into predetermined in-flight link-up posi- 
tion with respect to the lead aircraft. The apparatus 
comprises an array of guidance lights arranged on the 
body of the lead aircraft and sensor means for produc- 

40 ing an electrical signal representing the instantaneous 
position and velocity of the trailing aircraft relative to the 
lead aircraft. 

US. Pat. No. 4,072.283 to Weiland, for "Aerial 
Refueling Boom Articulation," relates to a flying refu- 

45 eling boom for an aerial tanker airplane, with a mecha- 
nism for moving the boom about different axes. The 
motion of the boom is obtained by deflecting a pair of 
aerodynamic surfaces mounted on it. The motion of the 
aerodynamic surfaces is controlled using a cable sys- 

so tern that allows their deflection with respect to the air 
stream. 

U.S. Pat. No. 4,025,193 to Pond et al., for "Appara- 
tus Suitable for Use in Orienting Aircraft In-Flight for 
Refueling or Other Purposes," and U.S. Pat. No. 
55 3,91 7. 1 96 to Pond et al. , for "Apparatus Suitable for Use 
in Orienting Aircraft Flight for Refuelling or Other Pur- 
poses", both relate to a system capable of measuring 
both receiver aircraft and refuelling boom locations rela- 
tive to the tanker. This information is used either to auto- 
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matically orient the two aircraft and the boom and 
nozzle or to generate displays suitable for both pilots in 
order to ease the refuelling process. 

U.S. Pat No. 3.285,544 to Chope et al. for "Mid-Air 
Refuelling System", relates to a system in which a s 
nuclear radiation source in mounted on the probe of the 
receiving aircraft and a directional sensitive detector is 
mounted on the tanker, enabling the measurement of 
the relative elevation and azimuth of the drogue to the 
probe. The above measurements are used mainly to 10 
generate displays tor the pilots of the aircraft for easier 
engagement, although the possibility of providing 
drogue-steering capability by means of an aerodynamic 
rigid rudder and stabilizer attached to the drogue is 
mentioned. 15 

GB-A-2.237.251 discloses an in-flight refuelling 
apparatus which is mountable on a tanker aircraft and 
has a probe receptor coupled with a fuel line. The 
receptor is arranged to be deployed outboard of the air- 
craft. The apparatus is arranged to provide a parameter 20 
representative of deviation of the path of the receptor 
from a predetermined initial path or upon trie relative 
position of the acceptor and a probe of an approaching 
refuelling aircraft 16. A controller is provided for chang- 
ing the position of the receptor relative to the tanker air- 
craft in dependence upon the derived parameter. A light 
source, e.g. a laser, on the receiving aircraft 16 is 
detected by a camera on the tanker, and by an optical 
receiver on the probe receptor to provide signals repre- 
senting the angle between the probe and the receptor 
and the position of the receptor relative to the probe. 
Aerodynamic control surfaces on the receptor are acti- 
vated in response to these signals to position the recep- 
tor in alignment with the probe. 

Summary of the Invention 

The present invention overcomes the problem of 
drogue instability by providing a system with means for 
both drogue steering and drogue motion measurement, 
thus enabling either stabilization of the drogue or, alter- 
natively, fully automatic hookup. 

In a first aspect the present invention provides a 
drogue for use in an in-flight hose-and-drogue refuelling 
system of an airplane comprising: 

means for engaging a refuelling probe extending 
from another airplane; 
steering means for steering the drogue; 
electrooptical sensing means for sensing the rela- 
tive position of the drogue with respect to a specific 
light source; and 

control means, connected to said electrooptical 
sensing means and said steering means, for auto- 
matically steering the drogue so as to control the 
position of the drogue with respect to the light 
source in a predetermined manner; 

characterised in that the electrooptical sens- 
ing means comprises first and second electroopti- 



cal sensing means for sensing the relative position 
of the drogue with respect to said specific light 
source, said second electrooptical sensing means 
providing redundancy with respect to said first elec- 
trooptical sensing means; 

said control means being connected to said first 
and said second electrooptical sensing means and 
said steering means and being responsive to the 
position sensed by either said first or said second 
electrooptical sensing means. 

In a second aspect, the present invention provides 
a method of in-flight hose-and-drogue refuelling in 
which an aircraft to be refuelled has a refuelling probe 
extending to the front thereof, the probe having a light 
source mounted thereon, and a refuelling aircraft has a 
hose-and-drogue unit extending therefrom, the drogue 
having a steering means thereon, characterised in that 
the drogue thereof has first and second electrooptical 
sensing means mounted thereon, each for sensing the 
relative position of the light source on the probe in rela- 
tion to the drogue, the second electrooptical sensing 
means providing redundancy with respect to the first 
electrooptica! sensing means, said method comprising: 

sensing the relative position of the light source on 
the probe in relation to the drogue by means of 
either said first or said second electrooptical sens- 
ing means; and 
30 controlling activation of the steering means to 
cause the drogue to move closer to the probe. 

Specifically, in accordance with a preferred embod- 
iment of the present invention, a plurality of miniature, 
35 pressurized gas thrusters are mounted, preferably 
equally spaced, on the perimeter of the drogue in such 
way that activation of any thruster generates a force in a 
direction perpendicular to the fuel outlet nozzle. In prin- 
ciple, four thrusters are sufficient. Two are required to 
40 control the drogue in up-and-down motion and two in 
the sideways motion. The position of the drogue is 
measured by electrooptical position-sensing devices. 

The measurement system consists of a plurality of 
light sources (LS) such as Light Emitting Diodes (LEDs) 
45 or Laser Diodes (LDs) mounted at a certain distance 
from the end of the receiving fuel probe, a plurality of 
sensors each comprising a lens and a position-measur- 
ing photodetector that is mounted on the perimeter of 
the drogue with its sensitive area directed toward the 
so receiving aircraft, and a processing electronic circuit for 
calculating the position of the light-source assembly rel- 
ative to the detector assembly and computing the con- 
trol commands to the thrusters. 

In accordance with another preferred form of the 
55 invention, the measured position of the drogue relative 
to the probe of the receiving aircraft is used to deter- 
mine the control commands to the thrusters so that the 
drogue will track the position of the probe in order to 
achieve automatic hookup. In such an arrangement the 
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pilot of the receiver aircraft is required to approach the 
vicinity of the tanker aircraft; once the two aircraft have 
closed to a certain distance, the automatic control sys- 
tem of the drogue is activated and guides the drogue 
until contact with the probe has been achieved. 

In accordance with an alternative form of the inven- 
tion, measurements are made of the drogue position 
relative to the tanker aircraft, either belly or wings, and 
are used to control the motion of the drogue so as to 
stabilize or, equivalently, to minimize the motion of the 
drogue relative to the tanker aircraft. In such an 
arrangement, the pilot of the receiver aircraft is required 
to track only the tanker and not the drogue, which is 
much more susceptible to wind gusts and turbulence. 

Description of the Drawings 

Figure 1 is a partial perspective view of the hose 
and drogue unit constructed in accordance with the 
present invention. 

Figure 2 is a schematic view of the electrooptical , 
drogue-position measurement principle. 

Figure 3 is an interconnection diagram of the photo- 
detectors. 

Figure 4 is a block diagram illustrating the control 
scheme of the automatic drogue to probe hookup. 

Figure 5 is a partial perspective view of the drogue 
unit constructed for drogue stabilization only (without 
automatic hookup capability). 

Detailed Description of the Preferred Embodiments 

Figure 1 serves to illustrate the principle of the 
invention. It shows the drogue 10 having four thrusters 
20 and 30 mounted on the perimeter of the drogue With 
their nozzles directed perpendicular to the axis of sym- 
metry of the drogue. Thrusters 20 are used to generate 
forces in the up-down directions while thrusters 30 are 
used to generate forces in the left-right directions. 

In accordance with the invention, the thrusters are 
energized by pressurized air supplied from a reservoir 
tank located in the tanker belly (not shown in the figure) 
via supply lines 40. The reservoir tank volume is very 
large compared to the airflow through the thrusters dur- 
ing operation. Thus, the pressure in the tank and supply 
lines is for all practical purposes constant; therefore, no 
pressure build-up occurs during activation or the thrust- 
ers, and their reaction to commands is almost instanta- 
neous. In cases where the refueling source is a wing- 
mounted pod in which there will not be enough room for 
such a reservoir, a propeller-driven compressor, which 
is employed in such systems for generation of the air 
pressure that is needed for the fuel flow, can be used to 
generate such air supply. Each thruster is controlled 
independently by electrically activating a solenoid-oper- 
ated valve in each thruster. If desired, any type of non- 
flammable gas can be used instead of the pressurized 
air. 

Also mounted on the perimeter of the drogue are 



electrooptical sensors 50 and 60, each comprising a 
miniature lens 52, 54 and a position-measuring photo- 
detector 51, 53 (see Fig. 2). Each one of the sensors 
detects a light source 70 mounted on the receiver air- 

5 craft probe at a certain distance from the end of the 
probe and measures the two-dimensional position of 
the image of the light source from the center of the sen- 
sor. The light source 70 consists of a single miniature 
light source or a ring of several miniature light sources 

■to (LS) such as LEDs or LDs distributed over the perimeter 
of the probe for better angular coverage. The light 
source can be pulsed for better identification by the sys- 
tem and concealment from a foe. 

It may be desirable to place a second ring of light 

75 sources 80 at some distance behind the first one 70 in 
order to establish an axis relative to which rotation of the 
drogue can be measured and, if desired, altered. In 
order to discriminate between the two light-source 
assemblies, it is possible to pulse the LS assemblies at 

20 two different frequencies so that the corresponding sig- 
nals can be demultiplexed; the detectors will provide a 
simultaneous measurement of both light sources, which 
is sufficient to deduce the complete spatial position and 
orientation of the probe relative to the drogue. 

25 The proposed arrangement enables the measure- 
ment of the lateral and vertical displacements of the 
drogue relative to the probe as well as their relative dis- 
tance, since it provides a stereoscopic image of the light 
source on the probe, as illustrated in Fig. 2. Shown in 

30 this figure are two beams of light 71 and 72 radiating 
from the LED 70. These beams are collected by the 
lenses 52 and 54 and are projected onto the two posi- 
tion-sensing devices (PSDs) 51 and 53 at distances \ A 
and Y 2 from the centers of the two detectors, respec- 

35 tively. These distances are proportional to the distance 
R of the LED from the sensor and to the displacement S 
of the LED from the center of the sensor. Two sensors 
(e.g., the pair 50 or pair 60 in Fig. 1) are, in principle, 
sufficient for the determination of the range and the lat- 

40 eral and vertical displacements. However, four sensors 
are proposed for robustness, though three sensors are 
the minimum necessary for redundancy. Four sensors 
have the advantage of easier implementation because 
of symmetries. 

45 The concept of the measurement system is 
depicted in Fig. 1 , showing two pairs (50 and 60) of sen- 
sors mounted along the drogue periphery and light 
sources mounted on the probe. In each pair of sensors, 
each of the sensors contains a lens and a position- 

50 sensing device (PSD). The lens forms a spot of light on 
the surface of the PSD, corresponding to the image of 
the light source (Fig. 2), and the PSD 82 (Fig. 3) outputs 
four photocurrents l x 1 83, l x 2 84, l y 1 85. and i y 2 86 pro- 
portional to the two-dimensional distance of the centroid 

55 of the light spot from the edges of the device (Fig. 2). 
The coordinates X.Y of the center of the spot relative to 
the center of the detector are then computed by an elec- 
tronic circuit that is composed of two amplifiers, one for 
subtraction 87 and one for summation 88, and a divider, 
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thus yielding with the normalized differences of the 
appropriate pairs of current: 



X = (l x1 -1 x2 )/0xi+»x 2 ) 
Y = (l; y1 -l y2 )/(l y i + ly 2 ) 



0) 



The vertical displacement S of the LEDs from the 
center of the drogue is obtained by: 



D(Y 2 -Vi) 
2(Y 1+ Y 2 ) 



(2) 



where Y 1 and Y 2 are the displacements of the center of 
the spot on the lower and upper detectors, respectively. 

Similarly, the lateral displacement (not shown in 
Fig. 2) is obtained by replacing \ A and Y 2 of equation 
(2) by X 1 and X 2t respectively. 

The distance of the probe from the drogue is 
obtained by: 



f(D^Y 1+ Y 2 ) 
Y 1+ Y 2 



(3) 



where f is the focal length of the lens 52 (or 54) to the 
PSD 51 (or 53). 

In a similar manner, the values of R, S and the lat- 
eral displacement can be obtained also from the second 
pair of sensors. 

In principle, two sensors mounted on the drogue 
are sufficient to give both the off-axis displacement of 
the probe and the probe's distance from the drogue with 
sufficient accuracy. Three or four sensors may be 
mounted in an actual system in order to provide redun- 
dancy in failure situations and, thus, increase system 
robustness. 

If the direction of the probe's axis (rather than only 
the position of its tip) is also required, a second light 
source 80 (another ring of infrared LEDs) may be 
mounted at some distance from the first one 70. These 
LEDs 80 will be pulsed at a different frequency from the 
first ones 70 so that the corresponding photocurrents 
can be demultiplexed and the detectors will provide a 
simultaneous measurement of both light sources, and 
that is sufficient to deduce the complete spatial position 
and orientation of the probe relative to the drogue. 

The measurements of the electrooptical sensors 
are used to determine which thruster on the drogue is to 
be activated at any instant, the activation time and dura- 
tion are chosen such that the relative distance and 
speed between the probe and the drogue are minimized 
and the relative displacement between the probe and 
drogue is kept smaller than the inner radius of the 
drogue opening. 

The signal S is used by the controller to activate the 
thrusters (Fig. 4). The controller logic determines which 
thruster is to be activated at a given instant (upper or 



lower) and the duration of the activation. The same logic 
applies for the lateral sensors and thrusters. The block 
diagram of the complete control system is shown in Fig. 
4. It shows the pair of sensors: upper and lower 50, 

5 which detect the relative position (E) between the probe 
(hp) and the drogue (h^ and outputs two signals Y 1 and 
Y 2 , which are processed by a digital or analog computer 
62 in which Eqs. (2) and (3) are implemented, yielding 
the signals S and R. where S and R are, respectively, 

10 the vertical and range displacements between the 
probe and drogue. A control scheme 63, also imple- 
mented in the computer, utilizes the signals S and R to 
determine which thruster to activate (upper or lower), 
the activation instant, and the duration of the thrust 

75 pulse. 

A similar control scheme which utilizes the two sig- 
nals X, and X 2 is implemented to control the lateral pair 
30 of thrusters. The thrusts generated by the thrusters 
20 and 30 affect, respectively, the vertical and lateral 

20 motions of the drogue 1 0. 

The signal R is used to obtain the range between 
the probe and the drogue. The range information is uti- 
lized in deciding when to activate the stabilization proc- 
ess in order to prevent expenditure of pressurized air 

25 when the receiving aircraft is far from the fueling tanker. 
In the preferred configuration shown in Fig. 1, the 
PSDs 50 and 60 are PIN-DUO of United Detector Tech- 
nology, having an effective sensing area of lOxlO mm 2 . 
Each PSD is equipped with a collecting lens having a 

30 focal length of 10 mm. The light sources 70, which are 
mounted on the probe of the receiving aircraft, are 
either four SDL-5400 laser diodes having 50 MW power, 
at a wavelength of approximately 830 nanometers, and 
operating in continuous wave (CW) mode, or alterna- 

35 tively, four Light Emitting Diodes (LED) type Philips 
CQY90A having radiation power of 21 MW at a wave- 
length of 930 nanometers. 

In an alternative configuration, the PSDs are substi- 
tuted with Four-Quadrant type photodetectors. These 

40 are Centronic QD 100- 3 detectors having an active 
area with a diameter of 1 1 mm. In this arrangement, the 
collecting lens is defocused to ensure a light spot large 
enough to be sensed by all four quadrants simultane- 
ously. 

45 in another alternative arrangement, the photode- 
tectors are chosen to be CCD Microcameras type Pan- 
asonic GP-MS112, which have a small head size (1.69 
cm(2/3 inch)) in diameter and (4.71 cm(1 7/16 
inches)long) and resolution of 682 H x 492 V pixels. The 

so cameras are connected by a cable to their control unit, 
which is placed in the aircraft's belly. The images of 
each pair of corresponding cameras (lateral or longitudi- 
nal) are merged using video mixers, and the resulting 
image is digitized at a rate of 30Hz and stored in a frame 

55 grabber (Pcvision Plus of Imaging Technology, Inc.). A 
micro computer (PC AT type computer) is used to calcu- 
late, from the digitized images, the deviations of the 
probe from the drogue and the required control com- 
mands to the thrusters in order to achieve the desired 
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automatic hook-up. 

The operational procedure using the proposed sys- 
tem is as follows: the pilot of the receiving aircraft 
approaches the tanker using a separate navigation sys- 
tem such as the Global Positioning Satellite system s 
(GPS) or Inertial Navigation System (INS). Once the 
rendezvous has been made, and the distance between 
the two aircraft is on the order of 10 meters or less, the 
automatic control system of the drogue is activated by 
commanding the thrusters so as to cause the drogue to io 
track the motion of the receiving probe and to compen- 
sate for the drogue's own motion due to turbulence and 
wind gust. Thus, the pilot of the receiving aircraft is not 
required to track the drogue; he simply flies the aircraft 
straight ahead. 15 

In an alternative configuration illustrated in Fig. 5, 
the LS are mounted on the fuselage 90 or wing of the 
refuelling tanker or aircraft, and the sensors assembly is 
mounted on the rear side of the drogue. In this arrange- 2. 
ment, the drogue is stabilized relative to the refuelling 20 
tanker or aircraft. This method might be preferable for 
multiple aircraft refuelling, since is guarantees adequate 
separation between the fuel-receiving aircraft, thus min- 3. 
imizing hazardous risks arising from the proximity of the 
aircraft. Also, this configuration might be suitable for 25 
refuelling aircraft that have not been equipped with LS 
on their probes. 

Although, in all the preferred embodiments of the 
invention described above, the electrooptical sensor uti- 4. 
lizes a position-sensing device, these designs can be 30 
implemented equivalents with a different area sensor 
such as a four-quadrant sensor or a charge coupled 
device (CCD) sensor. Furthermore, while the preferred 
embodiments utilize four thrusters to generate thrust 
force to the drogue, it should be understood that a min- 35 
imum of three such thrusters are necessary to generate 
forces in all directions. More than four thrusters could 
also be used. 

While the present invention has been described in 
its preferred embodiments, it is to be understood that 40 
the words which have been used are words of descrip- 
tion rather than limitation and that changes may be 
made to the invention without departing from its scope 5. 
as defined by the appended claims. 

45 

Claims 

1. A drogue for use in an in-flight hose-and-drogue 
refuelling system of an airplane comprising: 

so 

means for engaging a refuelling probe extend- 
ing from another airplane; 
steering means (20, 30) for steering the 
drogue; 

electrooptical sensing means (50, 60) for sens- 55 
ing the relative position of the drogue with 6. 
respect to a specific light source (70, 90); and 
control means, connected to said electrooptical 
sensing means and said steering means, for 



automatically steering the drogue so as to con- 
trol the position of the drogue with respect to 
the light source in a predetermined manner; 

characterised in that the electrooptical 
sensing means comprises first (50) and sec- 
ond (60) electrooptical sensing means for 
sensing the relative position of the drogue with 
respect to said specific light source (70, 90), 
said second electrooptical sensing means (60) 
providing redundancy with respect to said first 
electrooptical sensing means; 
said control means being connected to said 
first and said second electrooptical sensing 
means and said steering means and being 
responsive to the position sensed by either 
said first or said second electrooptical sensing 
means. 

A drogue as claimed in Claim 1 , wherein said con- 
trol means is for controlling the position of the 
drogue so as to move closer to the light source. 

A drogue as claimed in Claim 1 or 2 in combination 
with a light source (90) mounted on said refuelling 
aircraft, wherein said control means is for control- 
ling the position of the drogue so as to maintain a 
constant position in relation to the light source. 

A drogue as claimed in any preceding claim, 
wherein said steering means comprises a plurality 
of thruster jets (20, 30) mounted on the drogue and 
connected by means of a supply line (40) to a pres- 
surized gas reservoir located at the refuelling air- 
plane, the reservoir having a stored mass of gas 
which is very large compared to the gas flow 
through the thruster jets during operation; and 

said control means energises the thruster jets 
steering the drogue so as to control the posi- 
tion of the drogue with respect to the light 
source in a prescribed manner. 

An in-flight hose-and-drogue refuelling system, 
comprising; 

a hose-and-drogue unit including a drogue as 
claimed in Claim 1 , 2 or 4 to be fitted to a refu- 
elling aircraft; and 

a fuel-receiving probe to be fitted to an aircraft 
to be refuelled, for engagement with said 
drogue; 

wherein said light source (70) is carried 
forwardly directed by the aircraft to be refuelled 
in a fixed position relative to the probe. 

An in-flight hose-and-drogue refuelling system as 
claimed in Claim 5, wherein said light source is 
mounted on said probe; 
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said electrooptical sensing means generates 
signals (Y 1t Y 2 ) representative of said relative 
positions of the probe and drogue; and 
said control means for controlling the steering 
means comprise electronic circuit means (62) s 
for resolving lateral and vertical positions of the 
drogue relative to said light source (70) on said 
probe solely from signals generated by elec- 
trooptical sensing means, and generating sig- 
• nals (R,S) representative thereof, whereby said 10 

control means (63), connected to said elec- 
tronic circuit means and to said drogue steer- 
ing means, controls the steering of the drogue 
to cause the drogue to move closer to said 
probe based on signals received from said is 
electronic circuit means (62). 

7. An in-flight hose-and-drogue refuelling system as 
claimed in Claim 6, wherein said first (50) and sec- 
ond (60) electrooptical sensing means each gener- 20 
ate signals (Y 1f Y2) representative of said relative 
positions of the probe and drogue; and 

said electronic circuit means (62) resolves lat- 
eral and vertical positions of the drogue relative 2s 
to said light source (70) on said probe solely 
from signals generated by either said first or 
second electrooptical sensing means, and gen- 
erates signals (R.S) representative thereof. 

30 

8. An in-flight hose-and-drogue refuelling system as 
claimed in Claim 5, wherein said control means 
control, the drogue for tracking the refuelling probe 
for providing an automatic probe and drogue hook- 
up. * 

9. A system as claimed in Claim 5, wherein said light 
source comprises two rings of light sources (70.80) 
longitudinally displaced from one another on said 
refuelling probe, for discriminating between the 40 
rotation and the displacement of the drogue. 



means, said method comprising: 

sensing the relative position of the light source 
(70) on the probe in relation to the drogue by 
means of either said first (50) or said second 
(60) electrooptical sensing means; and 
controlling activation of the steering means (20, 
30) to cause the drogue to move closer to the 
probe. 

12. An in-flight hose-and-drogue system comprising, in 
combination; 

a) a refuelling hose-and-drogue unit (10) 
extending from a refuelling aircraft; 

b) a drogue steering means (20, 30) for steer- 
ing the drogue; and characterized by 

c) a light source (90) mounted on said refuel- 
ling aircraft; 

d) electrooptical sensing means (50. 60) for 
sensing the relative position of said light source 
(90) on said aircraft in relation to said drogue 
(10) and for generating signals (Y 1f Y 2 ) repre- 
sentative of said relative positions; 

e) electronic circuit means (62) for resolving 
lateral and vertical positions of the drogue rela- 
tive to said light source (90) on said refuelling 
aircraft from signals generated by the elec- 
trooptical sensing means (50, 60). and gener- 
ating signals (R, S) representative thereof; and 

f) control means (63), connected to said elec- 
tronic circuit means and to said drogue steer- 
ing means (20, 30) for controlling the steering 
of said drogue to cause the drogue to maintain 
a constant position relative to said aircraft 
based on signals received from said electronic 
circuit means (62). 



10. A system as claimed in Claim 9, wherein each of 
said rings of light sources have differently modu- 
lated light beams. 45 

11. A method of in-flight hose-and-drogue refuelling in 
which an aircraft to be refuelled has a refuelling 
probe extending to the front thereof, the probe hav- 
ing a light source (70) mounted thereon, and a refu- so 
elling aircraft has a hose-and-drogue unit (10) 
extending therefrom, the drogue having a steering 
means (20, 30) thereon, characterised in that the 
drogue thereof has first (50) and second (60) elec- 
trooptical sensing means mounted thereon, each 55 
for sensing the relative position of the light source 
(70) on the probe in relation to the drogue, the sec- 
ond electrooptical sensing means providing redun- 
dancy with respect to the first electrooptical sensing 
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FIG. 3 
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